The dating of fossil teeth of an ancient goat (Nesogoral melonii ) using the electron spin resonance (ESR) technique is reported. This animal was found in the fossiliferous site at Orosei (Nuoro, Sardinia, Italy) and was endemic in the region. Molar teeth were cleaned and enamel was completely removed from dentine. Enamel was irradiated with a 60 Co gamma source and measured with an ESR spectrometer (X-band) to obtain the signal vs. dose curve and fitted with an exponential function. The archeological dose obtained by the fitting was 211 AE 34 Gy. Uranium and thorium concentrations were determined by neutron activation analysis. With the software ROSY the age estimates were 195 AE 30 ky for early uptake, 247 AE 40 ky for linear uptake and 243 AE 40 ky for a combination of uptake processes.
INTRODUCTION
The fossiliferous remains were collected in the residual sediment that filled the sinkholes in the Monte Tuttavista, near the village of Orosei. The discovery of this site in 1994 was one of the most important steps towards knowledge of the mammalian fauna of Sardinia, possibly with many unknown species during the geomorphological reconstruction of the landscape in the middle Pleistocene (1.0-0.5 million years before present (mybp)). In the central eastern coast of Orosei 11 quarries in the mining area of Monte Tuttavista, a mountain formed by Jurassic fractured limestone, were explored. In these rocks numerous caves and karst fillings dating from 2.0 mybp (Pliocene) to 0.1 mybp (Upper Pleistocene) were found, which when prospected gave more than 110 fossiliferous deposits. Many of these deposits were very rich in macro-and micro-mammal faunas (1, 2) . Association of these animals with the stratigraphy permits their placement in a period between 1.0 and 0.1 mybp, including the animal of this study. This animal belongs to an extinct capridae species (Nesogoral melonii) known only in Sardinia and found, before 1994, only in another locality in the north-eastern part of the island more than 150 years ago (Capo Figari, near Gulf Aranci). The possible dating of some fossils in these fossiliferous deposits could offer a new geomorphological reconstruction of paleo-environments during the last 2 mybp because Sardinia is an island far from the Italian continent and from Africa and its insularity, according to geological literature, dates back 18 million years. Some of the fauna in the fossiliferous sites in the caves of Canale Longu of Orosei were unable to cross a marine strait so the presence of a land bridge in more recent periods has been hypothesised, which would have allowed the carnivorous fauna to arrive in Sardinia.
The fossiliferous area where the sample was found is characterised by karst phenomena imposed on the stratigraphic pattern of the Jurassic limestone and on the fractures of these rocks with prevalent directions north-south and east-west, forming a very close crossed network, very rich in karst in the horizontal and vertical positions and often fossilised.
Thus, the dating of teeth of an extinct capridae species (N. melonii) using electron spin resonance (ESR) is reported. The results show good agreement with the stratigraphy and the advantages of ESR dating over other techniques for this kind of sample.
MATERIALS AND METHODS
A partial jaw of Nesogoral was collected in the surroundings of Nuoro, Sardinia, Italy. The tooth was extracted and soil sediments were saved for analysis of the content of U and Th. Enamel was separated from the tooth by thermal shock by freezing the tooth in liquid nitrogen and warming it at ambient temperature. The difference in dilation coefficients of dentine and enamel produces a detachment of the parts. The thin layer of enamel was easily removed and gently ground in an agate mortar-and-pestle into fine particles (f 0.5 mm). Enamel was acid etched in 10% HCl to remove the outer layer. The reduction of the sample into small particles was performed to eliminate the sensitivity of the measurements due to sample orientation, and the optimum particle size was selected (3, 4) . The material obtained was then divided into 10 parts, each of $100 mg and separately placed inside small plastic tubes. All the tubes, except one, were irradiated in the laboratory with a Gammacell 220 irradiator using a 60 Co gamma source at a dose rate of 100 Gy min À1 in air, at room temperature, using 0.4 g cm À2 thick Lucite build-up cap (build-up filter) over the samples. An estimated accuracy of AE5% was achieved in the determination of the dose delivered to the sample (5) . The doses imparted ranged from 0 to 4 kGy. After the irradiation and weighment, the samples were transferred to quartz tubes and the ESR signal measured with an improved VARIAN E-4 spectrometer operating at X-band (n % 9 GHz) and equipped with a rectangular cavity (TE-102, model E-231); more details on the improvements made in the spectrometer can be found in the studies by Kinoshita et al. (6) and Baffa et al. (7) . The spectrometer parameters used were as follows: central field, 327 mT; range, 5 mT; modulation, 0.25 mT; modulation frequency, 100 kHz; time constant, 0.250 s; and microwave power, 20 mW.
For neutron activation analysis (NAA), samples and standards were irradiated for 8 h at a thermal neutron flux of 10 12 n cm À2 s À1 at the IEA-R1m nuclear reactor of IPEN. The measurements of the induced gamma-ray activity were carried out in a GX20190 hyperpure Ge detector (Canberra). The multi-channel analyser was a 8192 plug-in-card in a PC. The resolution (FWHM) of the system was 1.90 keV for the 1332 keV gamma-ray of 60 Co. Countings were performed $10 days after irradiation and the distance between samples and detector was 10 cm. Counting times varied from 1 to 10 h. The gamma-ray spectra were processed using the VISPECT software, which locates peak positions and calculates the energies and net areas (8) . The ESR peak to peak intensities of the g ? signal were normalised by the sample weights. The choice of the fitting model has long been a source of discussion. For example in Mascarenhas et al. (9) and Kinoshita et al. (6, 10) a linear fitting of ESR signal intensity vs. dose was used, and the data appear to be in very good agreement with the linear fit. However, it has been demonstrated that a non-linear fit is the better choice even when the fit appears to follow a linear slope (11, 12) and, in our case, the slope of the data is far from a linear trend. Thus, a fitting with a single saturating exponential function, as shown in equation, has been used:
where I is the measured ESR signal intensity, I 0 is the maximum intensity (saturation level), D is the laboratory radiation dose, A D is archaeological dose and D 0 is the dose at 63% of the saturation value.
RESULTS AND DISCUSSION
The thermal procedure to remove the enamel, namely contraction and expansion produced by temperature changes from room to liquid nitrogen temperatures and vice versa is more convenient than going from room to higher temperatures that would cause loss of signal and could create spurious paramagnetic centres (13) (14) (15) (16) . The ESR spectra corresponding to the sample after cleaning with water and without any laboratory radiation is shown in Figure 1 . The signal is very intense with good signal-to-noise ratio. The spectrum was analysed with simulation software SimFonia-Bruker and it was possible to identify the paramagnetic species as the axial CO 2 À with Landé factor at g ? ¼ 2.0013 and g ¶ ¼ 1.9973 in agreement with other reports (17, 18) . The sample was etched with HCl to clean the surface and the superficial defects created by irradiation. There is a small decrease in signal amplitude after etching but this procedure is important to simplify the modelling of the radiation effects in creating paramagnetic centres in the sample. It is known that the etched thin layer removes all the contribution due to alpha irradiation that could complicate the modelling (19) . After the etching the signal amplitude due to the paramagnetic centres increases with dose as shown in Figure 2 ESR DATING OF AN ANCIENT GOAT TOOTH FROM NUORO, SARDINIA, ITALY allows the calculation of the age of an enamel sample by taking into account the dose contribution due to radioisotopes from the adjacent layers. The software computes the age based on three models from uranium absorption: linear, early uptake and a combination of both processes. The concentration of K in the soil-determined by Atomic Absorption Spectroscopy-is 0.04%. The results shown in Table 1 are obtained by NAA. As shown in the table, the concentration of U in dentine is very high making its contribution to the dose delivered to enamel significant. Dentine is a very porous material and can soak large concentrations of the surrounding ions. Assuming a dose rate of 250 mGy y À1 of cosmic radiation, a figure that is used by many authors (20) , and the U and Th concentrations found by NAA the following ages are found: 195 AE 30 ky for early uptake, 247 AE 40 ky for linear uptake and 243 AE 40 ky for a combination of uptake processes. Comparative studies with different dating methods indicate that linear uptake is the most adequate for the expected range of ages of this work (21) . The age found in this work is in agreement with the geological findings and was obtained in a relatively straightforward way, requiring only a few grams, showing some of the advantages and characteristics of the method.
